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SPECIFICATfniV 

1. Title of the Invention 

Wafer for semiconductor devices 

2 Claims 

A wafer for semiconductor devices, characterized by comprising: a single crystal 
layer of y-type aluminum oxide (y-AlzOs); and a single crystal layer of a compound 
semiconductor, grown in sequence by epitaxy on a silicon single crystal substrate. 

3 Detailed Description of the Invention 

The present invention relates to a wafer for semiconductor devices having a single 
crystal layer of a compound semiconductor. 

Wafers in which the compound semiconductor crystal layer has a homoepitaxial 
structure are typically used in compound semiconductor devices. Such wafers have 
multilayer structure produced by epitaxial deposition of single crystal compound 
semiconductor layers constituting a buffer layer, active layer, electrodes, etc. on a single 
crystal compound semiconductor substrate. 

Single crystal compound semiconductor substrates of this kind are expensive and 
are responsible for most of the cost of the wafer. Such substrates are fabricated inter aUa 
by a boat grown process or Czochralski method; however, [un]like single crystal silicon 
substrates, it is difficult to produce large-area products. 
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Accordingly, if it were desired to produce a large-area product at lower wafer 
cost, one could conceivably use a single aystal siUcon substrate, which features large area 
at low cost. However, when compound semiconductor layers are epitaxially grown 
directly on a single crystal silicon substrate, differences in crystal structure or differences 
in lattice constant between the silicon and compound semiconductor make it difficuh to 
produce single crystal compound semiconductor layers that are substantially free from 
crystal defects, have smooth faces, and are of sufficiently high quality for incorporation 
into semiconductor devices. 

It is an object of the present invention to provide a wafer that employs single 
crystal silicon, which is inexpensive and easily fabricated with large area, and having 
epitaxially grown thereon compound semiconductor single crystal layers of high quaUty. 
A more detailed description follows. 

Fig. 1 is a fragmentary sectional view showing a basic embodiment of the 
invention. 

In the drawing, 1 is a single crystal silicon substrate, 2 is an aluminum oxide 
(AI2O3. i.e., sapphire) single crystal layer, and 3 is a compound semiconductor single 
crystal layer. 

The wafer fabrication process is as follows. 
(1) An aluminum oxide single crystal layer 2 is formed on silicon single crystal substrate 1 
by vapor phase epitaxy. 

The following two reaction systems can typically be employed for vapor phase 
epitaxy. These are (a) an alkyl deriviative-COz-Hz system; and (b) an AICI3.CO2-H2 
system. Reaction system (a), however, poses risks in handling and involves excessively 



low reaction temperature. Reaction system (b) has the drawback that AICI3 is very 
hygroscopic, and if water (H2O) should be present during the reaction, a silicon dioxide 
fihn will form on the single crystal siUcon substrate 1 during the initial stage of the 
reaction, making it difficult to produce the single crystal aluminum oxide layer 2. 

According to the present invention, it is possible to simultaneously grow [epitaxial 
fihns] on a plurality of substrates at suitably high reaction temperature, and there is 
employed as the reaction system an AI-HCI-CO2-H2 (or N2) system whereby formation of 
silicon dioxide fflm on the single ciystal silicon substrate 1 is avoided during vapor phase 
epitaxy of the oxide (aluminum oxide). The formula for the epitaxy reaction is as follows. 
Al + 3HC1 ^ AICI3 + 3/2H2 
4AICI3 + 3CO2 ^ 2AI2O3 + SCCU 

The source materials for epita:^^ are 5 N (99.999%) Al and 4 N (99.99%) HCl. 
The single crystal silicon substrate 1 is arranged on a carbon support stage and heated with 
high frequency. Where the temperature of the single crystal silicon substrate, that is the 
crystal growing temperature for sapphire, is 1 100.1200°C, it becomes possible to 
epitaxially grow a single crystal aluminum layer (sapphire) 2 on the single crystal silicon 
substrate. In particular, y-sapphire of good quality can be produced at a crystal growing 
temperature of 1 160°C. At crystal growing temperatures outside of the 1 100-1200°C 
crystal growing temperature range, a-sapphire or a-/y-sapphire mixed crystal layers can be 
produced. In particular, a-sapphire of good quality can be produced at a crystal growing 
temperature of 1080*C. 
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(2) Using a vapor phase epitaxy process wherein an alkyl compound is pyrolyzed, a single 
crystal compound semiconductor layer 3 is epitaxially grown over the single crystal 
aluminum layer 2. 

Where the compound semiconductor is gallium arsenide (GaAs), there are typically 
three possible reaction systems for conducting vapor phase epitaxy, namely, (a) 
trimethylgallium (TMG, (CH3)3Ga) and arsine (AsHj); (b) triethylgallium ((C2H3)3Ga) and 
ASH3; and (c) diethylgaUium chloride ((C2H3)2GaCl) and AsHj. 

The present invention employs a TMO-AsHj system. The single crystal silicon 
substrate 1 having the single crystal aluminum layer 2 is subjected to heating in the same 
manner as in the above process (1). 

With the molar ratio of source materials set to XAsHs/XTMG = 10 to 30 and the 
epitaxy temperature to 700-740T, it is possible to grow GaAs single crystal of high 
quality with a highly smooth face. 

Where it is desired to convert the GaAs single crystal to n type, hydrogen sulfide 
(H2S) or hydrogen selenide (HzSe) can be used as a dopant, and where the p type is 
desired, dibutylzinc ((C^^hZn) or dimethylzinc ((C2H3)2Zn) can be used as a dopant. 

As noted, according to the present invention, by interposing an epitaxial single 
crystal aluminum oxide layer 2, it becomes possible to epitaxially grow a single crystal 
compound semiconductor (e.g., GaAs) layer 3 of high quality on a single crystal silicon 
substrate, while offering the advantages of low cost and large area. This technique serves 
as a basis for further increases in quality in single crystal compound semiconductor layers. 

As wiU be apparent fi-om Fig. 2, for example, where a Y-AI2O3 single crystal layer 
2' 0. 1-02 ^m in thickness is grown on a single crystal silicon substrate 1 and a GaAs single 
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crystal layer 3' is epitaxially grown thereon, the surface of the GaAs single crystal layer 3' 

will be substantiaUy free of defects and have a smooth surface. 

Single ciystal aluminum oxide typicaUy refers to single crystal a-AlzOj, and crystal 
growing of compound semiconductors on such single crystal a-AlzOj substrates is known 
in the art. The crystalline properties of compound semiconductors on single crystal a- 
AI2O3 substrates are not necessarily good; GaAs crystal grown on single crystal a-AljOa, 
for example, has significantly reduced mobiUty compared to GaAs grown on a GaAs 
substrate, and is more susceptible to abnormal growth resulting in an inability to achieve a 
smooth crystal surface. 

However, compound semiconductor crystals on single crystal y-AljOj substrates 
have quality sufficient for production of semiconductor devices. 

Where a single crystal GaAs layer is epitaxiaUy grown on a single crystal aluminum 
oxide layer, better results are obtained when the aluminum oxide layer is y-AljOa rather 
than a-AlzOs, the reason being that the single crystal GaAs layer has a smooth surface 
substantially devoid of irregular growth of hillock or pyramid form, as well as uniform 
thickness. Thus, when conducting epitaxy in accordance with the present invention, a 
single crystal y-AljOs layer 2' is epitaxially grown in single crystal silicon substrate 1, 
followed by GaAs epitaxy. 

As noted, where a single crystal GaAs layer is epitaxially grown on a single crystal 
aluminum oxide layer, the layer is more resistant to irregular growth where the aluminum 
oxide layer is y-AljOj rather than a-Al^Oa. the reason being that a-Al^Os has a hexagonal 
crystalline structure whereas y-AlzOs has the same cubic spinel structure as GaAs, 
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resulting in fewer defects due to lattice mismatch. In the example depicted in Fig. 2, the 
single crystal silicon substrate has a crystal plane diverging from the low index plane by 
several degrees (2 to 5 degrees, for example), whereby the proportion of irregular growth 
in the single crystal GaAs layer 3' is sharply reduced. 

In the manufacture of a semiconductor device of planar configuration, such as a 
GaAs MESFET, the substrate is an insulator or semi-insulator. Accordingly, the wafer 
depicted in Fig. 1 or Fig. 2 could be used, but better results wiU be obtained using a wafer 
having the structure depicted in Fig. 3. 

In Fig. 3. 1 is a single crystal siUcon substrate, 2 is a single crystal aluminum oxide 
layer, 4 is a semi-insulator single crystal GaAs layer (buffer layer), 5 is an n type single 
crystal GaAs layer (active layer), and 6 is an n* type single crystal GaAs (or GaAlAs) layer 
(electrode layer). 

The semi-insulator single crystal GaAs layer serving as the buffer layer can be 
produced by doping the crystal thereof with an impurity such as chromium (Cr), iron (Fe), 
manganese (Mn). or oxygen (O) that creates deep impurity levels m the semiconductor, 
and epitaxial growth. 

On the n type single crystal GaAs layer 5 serving as the active layer is grown an 
electrode layer of an n* type single crystal GaAs 6 or, for a p-n junction, of GaAlAs. 

MESFETs produced from such a wafer have static and active characteristics, i.e.. 
output, gain, gm, and finax, about the same as conventional MESFETs, namely, those 
with an homoepitaxial active layer on a semi-insulator GaAs substrate. 

The preceding description relates to a wafer adapted for MESFET production. 
Important devices that use compound semiconductors include microwave semiconductors 
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such as Gunn diodes, varactors. and mixer diodes. Where such devices are to be 
hybridized, a wafer like that depicted in Fig. 4 should be used. The illustrated wafer has 
an n* type single crystal GaAs layer 7 as the electrode layer grown on a single crystal 
aluminum oxide layer 2, and an n type single crystal GaAs layer 5 formed thereon as the 
active layer, allowing it be used in production of planar semiconductor devices. Impurity 
concentration in the n* type single crystal GaAs layer 7 is typicaUy 5 x lO'* era'. 

From the preceding description it will be apparent that according to the present 
invention there is now provided a wafer wherein a single crystal compound semiconductor 
layer of good quality is grown on an inexpensive, large-area single crystal silicon substrate 
via a single crystal aluminum oxide fihn, and that the use of this wafer affords dramatically 
cheaper fabrication. 



4. Brief Description of the Drawings 

Figs. 1 through 4 are fragmentary sectional views of different embodiments of the 
invention. 

In the drawings, 1 is a single crystal silicon substrate; 2 is a single crystal aluminum 
oxide layer; and 3 is a single crystal compound semiconductor layer. 

Applicant FUJITSU LTD. 

Agent: TAMAMUSHI, Kyugoro, Patent Attorney ( 3 others) 
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